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Description 
Reidof the Invention 

5 [0001 ] The invention relates to osteogenic growth oligopeptides which possess stimulatory activity on osteoblastic 
and fforoblastic cells. 

Background of the Invention 

10 [0002] It has been established that regenerating bone marrow induces an osteogenic response in distant skeletal 
sites and that this activity is mediated by factors released into the circulation by the healing tissue [Bab I. et al (1 985) 
Calcif. Tissue Int 3Z:551 ; Foldes. J. et al (1989) J. Bone Min. Re& 4:643; Einhom, T.A. et al (1990) J. Bone Joint Surg. 
Am. 22:1374; Gazrt D., et al (1990) Endocrinotooy 126:2607; Mueller. M. ef a/ (1991) J. Bone Min. Res. 6:401]. One of 
these factors, a 1 4-amino acid osteogenic growth polypeptide (OGP), identical with the C-terminus of histone H4, has 

15 been recently identified [Bab; I. et al (1992) EMBO J. 11:1867; European Patent Applications Nos. 89201608.0 and 
90301862.0]. A histone H4 fragment of the formula Tyr-Oy-Phe-Gly-Gly is disclosed in Kharchenko, E.R ef al (1989) 
Vbpr. Med. Khim. 35(2): 106-9 and in Kharchenko, E.R et al (1987) Biull. Eksp. Biol. Med. lfl3(4):418-20. This peptide 
demonstrated analgesic and opioid activity. 

[0003] Synthetic 1 4-mer osteogenic growth polypeptide (sOGP), identical in structure with the native molecule, has 
20 been shown to be a potent stimulator of proliferation of osteoblastic and f toroblastic cells in vitro. This synthetic polypep- 
tide also stimulates osteoblastic cell alkaline phosphatase activity. When injected in vivo to rats, at very small doses, 
the synthetic osteogenic growth polypeptide increases bone formation and trabecular bone mass. 
[0004] As in the case of other polypeptide growth regulators, such as growth hormone and insulin-like growth factor 
[Hintz, R.L (1990) Horm. Res. &1Q5L osteogenic growth polypeptide-binding protein/s (OGPBP) may protect the 
25 osteogenic growth polypeptide against proteolytic degradation [BabJ. efa/ (1992) EMBO J. 11:1867). 

[0005] C-terminal modified analogues of the osteogenic growth polypeptide, such as [Cys 15 (NEM)]OGP-NH 2 . bind 
to the OGPBP. The modified analogues do not share the OGP stimulation of cell proliferation and do not react with cer- 
tain antiOGP antibodies. These polypeptide analogues can be used to release OGP from its complex with an OGPBP. 
If the competitive reaction takes place in a tissue culture medium, previously incubated with cells or a biological fluid 
50 having peptidase activity, the released OGP becomes exposed to proteolytic degradation resulting from said peptidase 
activity. Nevertheless, the possibility existed that short peptides resulting from the proteolytic degradation may retain the 
OGP activity. 

[0006] Since the OGP molecule is too large for effective oral administration, it would be of therapeutic importance 
to find oligopeptides of six or less amino adds residues, that retain the OGP biological activity, such short oligopeptides 
35 could be modified into a stable pharmaceutical preparation suitable for oral or other systemic treatment of several path- 
ological conditions, particularly conditions involving loss of bone tissue. In addition, the identification of such oligopep- 
tides would be an essential step towards the definition of the minimal amino acid sequence that still retains the OGP 
activity, which may provide the basis for further drug design. 

[0007] ~ The present invention indeed relates to such native or synthetic osteogenicaily active oligopeptides. 
40 [0008] The following abbreviations are used herein: 

OGP(s) - osteogenic growth polypeptide(s). 
OGPBP(s) - osteogenic growth polypeptide binding protein(s). 
irOGP - immunoreactive OGP. 
45 sOGP - synthetic OGP. 

Summary of the Invention 

[0009] The invention provides a biochemically pure oligopeptide having stimulatory activity on osteoblastic and/or 
so fforoblastic cells, a molecular weight of from 200 to 1 ,000, and a formula selected from (a) Tyr-Gly-Phe-His-Gly; (b) Tyr- 
Qy-Phe-Gly; (c) Ac-Met-Tyr<3ly-Phe-Gly-Gly; and (d) Gly-Phe-Gly-Gly-NHg. 

[001 0] The invention also provides a method of isolating a biochemically pure oligopeptide defined as (a) above or 
having the formula (e) Tyr-Gly-Phe-Gly-Gly or (f) Gly-Phe-Gly-Gly from a biological sample comprising the steps of: (a) 
discarding from said biological sample peptides having a molecular weight lower than 3000; (b) incubating the mecfium 
55 obtained in step (a) with a polypeptide that binds to an osteogenic growth polypeptide binding protein/s and does not 
bind to an antibody directed against osteogenic growth polypeptide in the presence of protease inhibitors to compete 
said osteogenic growth polypeptide out from its complex with said osteogenic growth polypeptide binding proteinfe; and 
(c) separating the immunoreactive . osteogenic growth peptide from the reaction medium obtained in step (b) by chro- 
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matographic methods and to biochemically pure peptides having stimulatory activity on osteoblastic or fibroblastic cells 
prepared by this method. 

[001 1] In addition, the invention relates to pharmaceutical compositions for stimulating the formation of osteoblastic 
or f foroblastic cells, and consequent bone formation, comprising a therapeutically effective amount of oligopeptide (a), 
5 (b). (c), (d) or (f) according to the invention and a pharmaceuticaBy acceptable carrier. 

Brief Description of the Figures 

[0012] 

10 

Figure 1 shows production of steady-state and total irOGP by osteoblastic ROS 1 7/2.8 and osteoblastic MC3T3 E1 
celts and NIH 3T3 fibroblastic cells. During the measurement period the cells were grown in chemically defined 
medium containing 4% Bovine Serum Albumin (BSA). Medium aliquotes fa irOGP determination were obtained 
Immediately after the addition of the BSA-containing medium ("0" time-point) and at the indicated times thereafter. 

is Steady state and total irOGP were determined as before [Bab et al (1 992) EMBO J. 11 : 1 867]. 

Figure 2 is flow chart describing the purification of irOGP from 24h tissue culture medium prepared as described 
in Rg. 1 above using MC3T3 E1 cells. Peptides of a molecular weight lower than 3000 were separated by three 
repeated difution/centrifugation cycles. The retentate was then incubated with [Cys 15 (NEM)]OGP-NH2 and recen- 
trifuged. The filtrate was collected, and the irOGP separated from the [Cys 15 (NEM)]OGP-NH^ using reverse phase 

20 HPLC and further purified as shown in Fig. 3. The purified irOGP in the peaks 6een in Rg. 3 were subjected to 
amino acid sequencing by automated Edam's degradation and tested for proliferative activity as shown in Rg. 4. . 
Rgure 3 shows HPLC separation of A - irOGP and [Cys 15 (NEM)]OGP-NH2 using reverse phase Vydac C4 column; 
and B - the two IrOGP peaks, using Merck C1 8 reverse-phase column. Dashed and continuous lines represent light 
absorbance and immunoreactivity, respectively. 

25 Rgure 4 shows the effect of OGP(10-14) (A) and OGP(10-14)His 13 (B) (see table D) (recovered from the respec- 
tive B-1 and B-2 peaks of Rg. 3) on osteoblastic MC3T3 E1 cell number in vitro. Dashed line - effect of positive 
SOGP control. Data are mean ± SEM of triplicate cultures. 

Rgure 5 shews the effect of synthetic OGP(10-14) (o— o~-o— o-~o) and OGP (10-14)His 13 (A-A-A) on osteoblas- 
tic MC3T3 E1 (A) and fibroblastic NIH 3T3 (B) cell number in vitro. Cell cultures were set and challenged as in Rga 
30 1 and 4. Cf. effect of positive sOGP control (ooa). Data are mean ± SEM of triplicate cultures presented as the 
ratio of treatment to BSA only control (T/C ratio). 

Rgure 6 shows the effect of synthetic Ac-Met°OGP(1 0-1 4) on osteoblastic MC3T3 E1 (A) and foroblastic NIH 3T3 
(B) cell number in vitro. Cell cultures were set and challenged as in Figs. 1 and 4. Dashed line - effect of positive 
SOGP control. Data are mean ± SEM of triplicate cultures presented as the ratio of treatment to BSA only control 
35 (T/C ratio). 

Detailed Description of the Invention 

[001 3] OGP is a 1 4-reskJue polypeptide identified from regenerating bone marrow which has been shown to stm- 
40 ulate the proliferation and alkaline phosphatase activity of osteoblastic and fibroblastic cells in vitro and to increase 
bone formation and trabecular bone mass in rats when injected in vivo. The amino acid sequence of OGP is as follows: 
[0014] Ala*Uu-Lys-Arg-Gn-Gry-Arg-Thr-Leu-Tyr-Gly-Phe-Gly-Gy Synthetic OGP, with an identical amino acid 
sequence and biological activity has been prepared by standard solid phase methodology, ft has also been found that 
in different biological fluids OGP forms a complex with OGPBP(s) and that sOGP analogues modified at their C-termi- 
45 nal region can be used to competitively release the total irOGP from OGP-OGPBP complexes, as described abova 
[001 5] The inventors have found that if the competitive reaction takes place in a tissue culture medium, previously 
incubated with cells or a biological fluid having peptidase activity, the OGP released from the OGP-OGPBP complex 
becomes exposed to proteolytic degradation by said peptidase activity. Surprisingly, the inventors have found that short 
oligopeptides, which were found to be present in said competitive reaction medium, retain the stimulatory activity on 
so osteoblastic and f foroblastic cells, and consequently on bone formation. 

[0016] The invention thus provides a biochemically pure oligopeptide having stimulatory activity on osteoblastic 
and/or f foroblastic cells, a molecular weight of from 200 to 1 ,000, and a formula selected from (a) Tyr-Gly-Phe-His-Gly; 
(b) Tyr-Gly-Phe-Gly; (c) Ac-Met-Tyr-Gly-Phe-Gly-G!y; and (d) Gly-Phe-Gly-Gly-NHa. 

[001 7] The invention also provides a method of isolating a biochemically pure oligopeptide having formula (a) or (e) 
55 of the invention and having stimulatory activity on osteoblastic or fibroblastic cells from a biological sample comprising 
the steps of: (a) discarding from said biological sample peptides having a molecular weight lower than 3000; (b) incu- 
bating the medium obtained in step (a) with a polypeptide that binds to an osteogenic growth polypeptide binding pro- 
tein/is and does not bind to an antibody directed against osteogenic growth polypeptide in the presence of protease 
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inhibitors to compete said osteogenic growth polypeptide out from its complex with said osteogenic growth polypeptide 
binding protein/s; and (c) separating the immunoreactive osteogenic growth peptide from the reaction medium obtained 
in step (b) by chrom a togr ap hic methods. 

[0018] The peptides having molecular weights lower than 3000 can be discarded by, for example, ultrafiltration with 
5 a cut-off of 3000 MW. The protease inhibitors can be commercially available inhibitors, for example E-64, Leupeptin or 
PMSF or mixtures thereof. The separation of the immunoreactive osteogenic growth peptide in step (c) can be accom- 
plished by available HPLC techniques. A specific embodiment of the method of the invention is described in the Exam- 
ples. 

[0019] As will be shown in the following Examples, the oligopeptides according to the invention,, whether obtained 
w by said method of isolation or synthesized, possess stimulatory activity on osteoblastic and f brobiastic cells, and may 
thus be of great therapeutical value. The invention therefore also relates to pharmaceutical compositions for stimulating 
the formation of osteoblastic or fibroblastic cells comprising a therapeutically effective amount of a biochemically pure 
oligopeptide having formula (a), (b), (c), (d) or (0 of the invention. 

[0020] Preferred pharmaceutical compositions according to the invention comprise a therapeutically effective 
is amount of an oligopeptide comprising the amino acid sequence Tyr-GJy-Phe-His-Gly or Gly-Phe-Gly-Gly or a mixture 
thereof; and a pharmaceutically acceptable carrier. 

[0021 ] The pharmaceutical compositions of the invention may be particularly useful for the stimulation of osteoblas- 
tic cells and/or f brobiastic cells, and consequently enhanced bone formation in various pathological conditions, for 
example osteoporosis (a osteopenia of any etiology), fracture repair, healing of wounds, intraosseous implants and 

20 bone supplementation, or other conditions requiring enhanced bone formation. 

[0022] Accordingly, the invention provides a biochemically pure oligopeptide d forrrwla (a), (b), ^ 
invention for use in a method of treatment of the human or animal body by surgery or therapy or in diagnosis, preferably 
wherein the method of treatment is for the stimulation of formation of osteoblastic or f brobiastic cells, enhanced bone 
formation in osteopenic pathological conditions, fracture repair, healing of wounds, intraosseous implants and bone 

25 supplementation, and other conditions requiring enhanced bone formation. The invention also provides the use of such 
peptides in the manufacture of medicaments for the use in such treatments. 

[0023] The invention also provides the use of an oligopeptide having the formula (a), (b), (c), (d), (e) or (f) of the 
invention in the manufacture of a medicament for the stimulation of formation of osteoblastic or f brobiastic cells, 
enhanced bone formation in osteopenic pathological conditions, fracture repair, healing of wounds, intraosseous 

so implants and bone supplementation and other conditions requiring enhanced bone formation cells. 

[0024] The magnitude of a therapeutic dose of a polypeptide of the invention will of course vary with the group of 
patients (age, sex, etc.). the nature of the condition to be treated and with the particular polypeptide employed and its 
route of administration. In any case the therapeutic dose will be determined by the attending physician. 
[0025] Any suitable route of administration may be employed for providing a mammal, especially a human, with an 

35 effective dosage of a polypeptide of this invention. Intravenous and oral administration may be preferred. 

[0026] The pharmaceutical compositions of the invention can be prepared in dosage units forms. The dosage forms 
may also include sustained release devices. The compositions may be prepared by any of the methods well-known in 
the art of pharmacy. 

[0027] The pharmaceutical compositions of the invention comprise as an active ingredient an oligopeptide of for- 
40 mula (a), (b). (c), (d) or (f) of this invention or a mixture of such oligopeptides in a pharmaceutically acceptable carrier, 
excipient or stabilizer, and optionally other therapeutic constituents. Acceptable carriers, exctpients or stabilizers are 
non-toxic to recipients at the dosages and concentrations employed, and include buffers, such as phosphate buffered 
saline and like physiologically acceptable buffers, and more generally all suitable carriers, exctpients and stabilizers 
known in the art. 

45 

EXAMPLES 

Example 1 - Purification and characterization of pentapeptides from tissue culture medium 
so Materials 

[0028] Tissue culture ingredients were purchased from Biological Industries (Beit Haemek, Israel). Culture dishes 
were from Nunc (Roskilde, Denmark). BSA protease inhibitors and N-ethylmaleimide (NEM) were from Sigma Chemi- 
cal Co. (St Louis, MO; Cat No. A 7030). Centricon-3 miCTOConcentrators were purchased from Arrricon, Inc. (Beverly, 
55 MA). t-Boc-Gly OCH 2 -Pam resin, N-Bax protected amino acid derivatives, N,N-dicyclohexylcartxxliirnide (DCC), 1- 
hydroxybenzotriazole (HOBt). diisopropylethylamine (DIEA), trifluoroacetic acid (TFA), N,N-cSmethytformamide (DMF) 
and dichlaomethane (DCM) were obtained from Applied Biosystems Inc. (Foster City, CA). Hydrogen fluoride (HF) was 
purchased from Mathesolin (Secacus, NJ), Boc-3-l-Tyr(BZ1)-OH from Bachem (Torrance CA), p-Cresol from AWrich 
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Chemical Ca (Milwaukee, Wl) and Sephadex Q15F from Pharmacia (Uppsala. Sweden). C18 reverse-phase column 
and acetonrtrfle were from E. Merck. Darmstadt, Germany. C4 reverse-phase column was from The Separation Group. 
HespariaCA. 

5 Methods 

Measuring IrOGP accumulation fn tissue culture media 

[0029] ROS 1 7/2.8 or MC3T3 E1 osteoblastic cells or NIH 3T3 ftoroUasts were maintained in a-Minimal Essential 
io Medium supplemented with 10% fetal calf serum (ECS) and subcuttured twice a week. Cells for experiments were 
derived from maintenance cultures at conftuency. For the experiment the cells were seeded in 25 cm 2 tissue culture 
flasks at 1 x 10 4 cells/cm 2 . The cultures were incubated at 37°C in COfc air. For the initial 46 h the medium was supple- 
mented with 10% FCS and 0.2% nudeosides/rtonucleosides followed by an additional 2 h starvation period under 
serum free conditions. Then the serum free medium was replaced by 8 ml medium containing 4% BSA. Half millilrtre 
75 medium aliquots for irOGP determination were obtained immediately after the addition of BSA containing medium ("0" 
time-point) and 12. 24. 36 and 48 hrs thereafter. Steady state and total irOGP were determined in these aliquots as 
before [Bab er a/. (1992) EMBO J. 11:1867] 

Separation between IrOGP and OGPBP 

20 

[0030] Fig. 2 is a schematic demonstration of the separation between the irOGP and the OGPBP. A 3.75 ml sarrpie 
of medium collected 24 h after cell starvation was diluted (1 : t) with an equal amount phosphate buffered saline (PBS). 
The diluted medium was centrifuged in multiple centricon-3 rrtaocohcentrators for 1.5 h at 5,000 x g. Polypeptides 
smaller than 3000 MW were washed out of the retentate by three repeated dilution/cerrtrifugation cycles using 1 mM 
25 sodium azide in 165 nM ammonium acetate pH 7.0 as diluent. The minimal retentate volume allowed in each micro con- 
centrator was 250 |U. To release irOGP from the OGP-OGPBP complex, the 1 :1 diluted retentate was incubated for 30 
mm at 37°C with 450 nmol/rrd lCys 15 (NEM)]OGP-NH2) in 165 nM ammonium acetate containing 50 uM E-64, 50 fiM 
Leupeptin and 500 (iM PMSF and recentrrfuged. 

so Separation between IrOGP and [Cys 15 (NEN0]OGP-NH2 

[0031 ] The filtrate obtained by the rrtcrocortcentration step was partially evaporated to final volume of 600 jil. The 
irOGP content of the filtrate was 0.31 nmol. The filtrate was divided into three equal aliquots. The irOGP in each of these 
aliquots was separated from the [Cys 15 (NEM)JOGP-NH2 by HPLC using a reverse phase Vydac protein C4 column 
35 employing the following acetonitrile gradient run at a flow rate of 1 ml/min: 3 ml 1 2% acetonitrile; and 30 ml 1 2-1 9% ace- 
tonrtrila 

Separation between two IrOGP peaks 

40 [0032] Half ml fractions comprising the main irOGP peak recovered from the C4 column were pooled and partially 
evaporated to final volume of 400 uJ. The irOGP content of this peak was 0.26 nmol. The filtrate was divided into two 
equal aliquots. The irOGP in each of these aliquots was subjected to HPLC on a reverse-phase C1 8 column employing 
the following acetonitrile gradient run at a flow rate of 1/ml/min: 3 ml 14% acetonitrile and 30 rrd 14-19% acetonitrile. 

45 Amino add sequence determination 

[0033] Protein in the two irOGP peaks recovered from the C18 column was subjected to automated peptide 
sequence analysis in an Applied Biosystems 470A sequencer using the program and reagents supplied by the manu- 
facturer. Released amino acid derivatives were identified with the aid of an on-line HPLC system. 

50 

Results 

[0034] Fig. 1 shows that in all three cell systems studied, the total irOGP reached a peak 24 h after starvation and 
exposure to the chemically defined medium. This time period coincides with the conftuency of the cultures. During the 
55 . next 24 h there was an approximately 50% decrease in the total irOGP. The steady state irOGP showed a more or less 
linear increase during the who! detection period. These results indicate that stromal cells produce irOGP and the 
OGPBP. The rate of synthesis of the irOGP and/or the OGPBP decreases when the cultures reach conf luency. 
[0035] The 24 h culture medium from the MC3T3 E1 cells was subjected to repeated cfilutiorVcentrifugation cycles 
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to remove the non-bound trOGP and other peptides with molecular weight smaller than 3000 (fig. 2). Only 0.96% of th 
total irOGP could be discarded in this way. The remaining irOGP was left in the form of OGP-OGPBP complex that was 
contained in the retentate because of its high molecular weight (Table A). The HPLC separation of [Cys 15 (NEM)]OGP- 
NH2 resulted in three major light absorption peaks. The greater of these peaks eluted at 19.5-23.5 min retention time, 

5 a position similar to that of [Cys 1 5 (NEM)]OGP-NH2 run separately under the same conditions. This peak did not show 
OGP immunaeactivity. Both other peaks were only partially separated from each other and showed a high irOGP con* 
tent (fig. 1 A), 11 .5% that of the total irOGP present in the culture medium (Table A). It is likely that most of this decrease 
in irOQP content resulted from peptidase activity during the displacement reaction, in spite of the presence of peptidase 
inhibitors. To enhance the separation between these irOGP peaks the respective fractions (retention time 1 1 -12.5 min) 

10 were pooled and subjected to a second HPLC step that resulted in two distinct light absorption peaks, both showing 
high irOGP content (fig. 1B). These peaks were designated B-1 and B-2. 



TABLE A 



25 



RECOVERY OF IMMUNOREACT1VE OGP FROM INDIVIDUAL PURIFICATION 

STEPS 




irOGP Purification Step 
(total nmol in prepara- 
tion) 


Percent Recovery 


24-h post starvation medium 


270.0 


100 


Initial ultrafiltration 


2.6 


0.96 


Post-displacement ultrafiltration 


31.0 


11.5 


Reverse-phase HPLC 


12.6 


4.7 



[0036] The respective fractions eluted with retention times 23.5-24 min and 25-25.5 min were pooled. Aliquots of 
the pooled fractions were allocated for testing their proliferative effect in the MC3T3 E1 cell assay. Amino acid sequenc- 
30 ing revealed that peak B-1 contained a pentapeptide identical to the C-terminal region (residues 10-14) of OGP. Peak 
B-2 contained a similar pentapeptide in which Qy 13 of the OGP was substituted by His (Table B) . 



TABLE B 



AMINO ACID SEQUENCES OF 
PENTAPEPT1DES 


Peak B-1* 
Peak B-2* 


Tyr-Gly-Phe-Gly-Gly 
Tyr-Gly-Phe-His-Gly 



•Defined in Figure 3. 

[0037] The proliferative activity of either peak in the MC3T3 E1 cell assay was identical to that of positive sOGP 
controls with a peak at 10* 13 M (Fig 4). 

45 

Example 2- Activity of Synthetic Pentapeptldes 
Peptide synthesis 

so [0038] Synthetic peptides of this invention were prepared by solid phase method of Merrrfield [MerrifiekJ, (1969) 
Adv. Enzymol. 32: 221] using an Applied Biosystems Model 430A Automated Peptide Synthesizer (Applied Biosystems 
Inc., Foster City, CA). In the case of peptide free acid the synthesis was carried out on 0.5 mmol t-Boc-Gly-PAM resin 
(1% cross-linked, 0.61 meq/g). t-Boc- Gly-MBHA resin (1 % cross-linked, 0.66 meq/g) was used for the amJdated 
tetrapeptida The amino acid derivatives were protected on the a-amino function by t-butylaxycarbonyl (Boc) groups. 

55 Protection of the tyrosine side chain was by Z The amino acid derivatives were coupled via the DCC-mediated pre- 
formed symmetrical anhydride method of Hagemaier, H. and Frank, H. [Hcppe-Seyler's Z. (1972) Physiol. Chem. 
353:1973]. The coupling of each amino add residue was repeated twice. Deprotection of the blocked amino terminus 
was by treatment with 25% TFA in DCM. Side chains were deprotected and the peptide cleaved from the resin using 
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the HF procedure where a mixture of 4 ml arrisde and 36 ml liquid HF was used tor 75 min at 0°C. The crude synthetic 
peptides were purified on a Merck-Hitachi 655A-11 HPLC instrument equipped with a Waters |i BondPark™ C18 col- 
umn (1.9x15.0 cm). The cartridge was pumped with acetonitrile linear gradients containing TFA n&bte C) at a flow rate 
of6.0ml/min. 

[0039] The BH-OGP (11-14) (BH = Bofton-Hurrter) was prepared by reacting 3-(3-iodo-4-hydraxyphenyl) propionic 
acid N-hydro^ucdnimidyl ester with purified OGP (11-14) using the method of Michelot et al [MicheJot R. et a) (1 960) 
Biochem. Biophys. Res. Comm. £>:491-498]. 
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TABLE C 



75 


ACETONITRILE LINEAR GRADIENTS USED FOR HPLC PURIFICATION 
OF DI-, TRI-, TETRA-, PENTA- AND HEXA-OGP RELATED PEPTIDES 


Peptide 


Gradient 




(% Acetonitrile) 


Time (min) 


%TFA 




OGP (13-14) 


0% isocratic 


30 






OGP (11-12) 


0%tsocratic 


30 




20 


OGP (12-14) 


0%isocratic 


30 




OGP (11-13) 


0%isocratic 


30 






OGP (10-12) 


0-25 


120 






OGP (11-14) 


0-30 


120 




25 


BH*-OGP(11-14) 


0-25 


90 






OGP(11-14)NH2 


0-5 


90 


.05 




OGP(10-13) 


0-25 


120 




30 


OGP(10-14) 


0-20 


100 




OGP(10-14)His 13 


0-20 


100 






Ac-Met°[OGP(10-14)J 


0-20 


150 






*BH «= Bolton-Hunter reagent 



35 



[0040] Table D demonstrates the conversion between the nomenclature used herein and amino acid sequence of 
the peptides. 
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TABLED 

AMINO ACID COMPOSITION OF SYNTHETIC 
DI-, TRI-, TETRA-, PENTA- AND HEXA- OGP RELATED PEPTIDES 



OGP (13-14) 
OGP (11-12) 
OGP (12-14) 
OGP (11-13) 
OGP (10-12) 
OGP (11-14) 

BH*-0GP(1M4) 
OGP (11-14) NH 2 
OGP (10-13) 
OGP (10-14) 
OGP (10-14) His 
Ac-Mct°[OGP(10-14)] 
*BH - Bolton-Hunter reagent 



Gly-Gly 

Gly-Phe 

Phe-Gly-Gly 

Gly-Phe-Gly 

Tyr-Gly-Phe 

Gly-Phe-GIy-Gly 

HO^^CH^CO-Gly-Phe-Gly-Gly 

Gly-Phe-Giy-Gly-NH2 

Tyr-GIy-Phe-Gly 

Tyr-Gly-Phe-Gly-Gly 

Tyr-GIy-Phe-His-GIy 

Ac-Met-Tyr-Gly-Phe-GIy-Gly 



PesuRs 

[0041] The proliferative effect of either pentapeptide (OGP (10-14) (formula (e)) or OGP (10-14)His 13 (formula (a))) 
in the MC 3T3 E1 and NIH 3T3 cell assays was similar to that of sOGP positive controls. The respective peak activities 
were at 10- 13 and 10* 11 -10" 10 M peptide concentration (Rg. 5). 

Example 3 - Proliferative effect of hexapeptide 

[0042] The hexapeptide of Ac-Met°[OGP]( 10-14)1 was prepared for testing the feasibility of using Ac- 
pSJMetpGPflO-U)] for metabolic and binding studies! 

Results 

[0043] The Ac-Met°[OQP](10-14)] stimulated the MC 3T3 E1 and NIH 3T3 cell number in a manner closely similar 
to that of positive sOGP controls with peaks at 10' 13 and 10" 1 1 M peptide concentration, respectively (Rg 6). 

Example 4 - Proliferative effect of BH-0GP(11-14), tetra-, tri- and di-peptides 

[0044] All the five tetrapeptkJes had a dose-response effect on the MC 3T3 E1 and NIH 3T3 cell number with peaks 
at 10' 13 and 10~ 11 M peptide concentration, respectively. The magnitude of the BH-OGP (11-14) peak effect in either 
cell system was highest and similar to that of the sOGP positive control. The peak activity of the QGP(1 1-14), OGP(1 0- 
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13) and OGP (10-12) showed intermediate values. The OGP (1 1-14) NH2 showed the lowest peak effect OGP (12-14), 
OQP (11-13). OGP(13-14) and OGP (11-12) did not affect the MC 3T3 E1 and NIH 3T3 cell number (Table E). 



TABLE E 



PROLIFERATIVE ACTIVITY OF SYNTHETIC DI-, TRI- AND TETRA-OGP RELATED PEPTIDES 
{Percent Activity of Full Length Peptide [OGP(1-14)]} 


Peptide 


RX3T3E1 


NIH3T3 




Mean 


Range 


NaoffExpers. 


Mean 


Range 


Ma of. Expers* 


BH*-OGP(11-14) 


113 


70-137 


3 


80 


63-112 


3 


OGP(11-14) 


66 


34-100 


8 


68 


34-100 


4 


OGP(10-13) 


58 


42-74 


2 


89 


89 


1 


OGP(10-12) 


41 


41 


1 


57 


57 


1 


OGP(11-14)NH2 


25 


19-31 


2 


33 


31-35 


2 


OGP(12-14) 


0 


0 


3 


0 


0 


3 


OGP(11-13) 


0 


0 


3 


0 


0 


3 


OGP(13-14) 


0 


0 


3 


0 


0 


3 


OGPM1-12* 


0 


0 


3 


0 


0 


3 


*BH - Bolton-Hunter reagent 



Claims 

1 . A biochemically pure oligopeptide having stimulatory activity on osteoblastic and/or fibroblastic cells, a molecular 
weight of from 200 to 1 ,000, and a formula selected from (a) Tyr-Qy-Phe-His-Gly; (b) Tyr-Gly-Phe-Gly; (c) Ac-Met- 
Tyr-Gly-Phe-Gly-Gly; and (d) Gly-Phe-Gry-Gly-NHa. 

2. A method of isolating a biochemically pure oligopeptide according to claim 1 , part (a), or for isolating a biochemi- 
cally pure oliopeptide having stimulatory activity on osteoblastic or fibroblastic cells and having the formula (e) Tyr- 
Gly-Phe-Gly-Gly from a biological sample, which process comprises the steps of: 

(a) discarding from said biological sample peptides having a molecular weight lower than 3000; to leave a 
medium. 

(b) incubating the medium obtained in step (a) with a polypeptide that binds to an osteogenic growth polypep- 
tide binding protein/s and does not bind to an antibody directed against osteogenic growth polypeptide in the 
presence of protease inhibitors to compete said osteogenic growth polypeptide but from its complex with said 
osteogenic growth polypeptide binding protein/s; and 

(c) separating the immunoreactive osteogenic growth peptide from the reaction medium obtained in step (b) by 
chromatographic methods. 

3. A method according to claim 2 wherein, in step (a), the peptides having molecular weights lower than 3000 are dis- 
carded by ultra-filtration with a cut-off of 3000MW. 

4. A method according to claim 2 or claim 3 wherein said protease inhibitors are E-64, Leupeptin or PMSF or mixtures 
thereof. 

5. A method according to any one of claims 2 to 4 wherein, in step (c), the immunoreactive osteogenic growth peptide 
is separated by HPLC. 

6. A pharmaceutical composition comprising an oligopeptide according to claim 1 , or having the formula (f) Gly-Phe- 
Gly-Gly; and a pharmaceutically acceptable carrier. 
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7. A method of preparing a pharmaceutical composition comprising formulating an oligopeptide or modified oli- 
ogopeptide as defined in claim 6 with a pharmaceutical^ acceptable carrier. 

8. An oligopeptide according to claim 1, or having the formula (f) Gly-Phe-Gly-Gy for use in a method of treatment of 
the human or animal body by surgery or therapy or in diagnosis. 

9. An oligopeptide according to claim 8 wherein the method of treatment is for the stimulation of formation of osteob- 
lastic or fforoblastic cells, enhanced bone formation in osteopenic pathological conditions, fracture repair, healing 
of wounds, intraosseous implants and bone supplementation, and other conditions requiring enhanced bone for- 
mation. 

10. Use of an oligopeptide according to claim 1 , or having the formula (e) Tyr-Gly-Phe-Gly-Gty, or (f) Gy-Ph&Oy-GIy 
in the manufacture of a medicament for the stimulation of formation of osteoblastic or fibroblastic cells, enhanced 
bone formation in osteopenic pathological conditions, fracture repair, healing of wounds, intraosseous implants and 
bone supplementation, and other conditions requiring enhanced bone formation. 

Patentansprflche 

1. Biochemisch reines Oligopeptid mit stimulierender Wirkung auf osteoblastische und/oder fibroblastische Zellen, 
einem Molekulargewicht von 200 bis 1.000 und einer Formel, gewahlt aus (a) Tyr-Gly-Phe-His-Gly; (b) TyM3Jy- 
Phe-Gly; (c) Ao-Met-Tyr-Gly-Phe-Gly-Gly; und (d) Gly-Phe-Gry-Gry-NH 2 . 

2. Verfahren zur Isolierung eines biochemisch reinen Oligopeptids nach Anspruch 1 , Teil (a), Oder zur Isolierung eines 
biochemisch reinen Oligopeptids mit stimulierender Wirkung auf osteoWastische Oder fibroblastische Zellen und 
mit der Formel (e) Tyr-Gly-Phe- Gly-Gly aus einer biologischen Probe, welches Verfahren die folgenden Schrille 
umfaBt: 

(a) Erttfemen aus der biologischen Probe der Peptide mit einem Molekulargewicht von unter 3.000; zur ZurOck- 
behaltung eines Mediums. 

(b) Inkubieren des in Schritt (a) erhaltenen Mediums mit einem Polypeptid, das an ein osteogenes Wachstums- 
Polypeptid-bindendes Protein/e bindet und nicht an einen gegen das osteogene Wachstums-Polypeptid 
gerichteten Antik&rper bindet, in Gegenwart eines Protease-lnhibrtors, urn das osteogene Wachstums-Poly- 
peptid aus seinem Kbrrplex rrdt dem osteogenen Wachstums-Pdypeptidbindenden Protein/en herauszuton- 
kurrieren; und 

(c) Abtrennen des immunreaWiven osteogenen WachstumspepWs aus dem in Schritt (b) erhaltenen Reakti- 
onsmedium mitt els chromatographischer Methoden. 

3. Verfahren nach Anspruch 2, wobei. in Schrill (a), die Peptide mrt einem Molekulargewicht von unter 3.000 mittels 
Ultrafiltration bei einem ROckhaftevermOgen von 3.000 MG entfernt werden. 

4. Verfahren nach Anspruch 2 oder Anspruch 3, wobei die Protease-lnhibitoren E-64, Leupeptid Oder PMSF oder 
deren Gemische sind. 

5. Verfahren nach einem der AnsprOche 2 bis 4, wobei, in Schritt (c), das immunreaktive osteogene Wachstumspeptid 
mittels HPLC abgetrenrtt wird. 

6. Pharmazeutische Zusammensetzung, umfassend ein Oligopeptid nach Anspruch 1, oder mit der Formel (f) Gly- 
Phe-Gay-Giy; und einen pharmazeutisch geeigneten Trftger. 

7. Verfahren zur Herstellung einer pharmazeutisch en Zusammensetzung, umfassend das Fbrmulieren eines Oligo- 
peptids oder modif izierten Oligopeptids, wie in Anspruch 6 def iniert, mit einem pharmazeutisch geeigneten Trftger. 

8. Oligopeptid nach Anspruch 1, oder mit der Formel (0 Gly-Phe-Gly-Gly, zur Verwendung bei einem Verfahren. zur 
Behandlung des menschlichen oder tierischen KOrpers durch Chirurgie oder Therapie, oder in der Diagnostic 

9. Oligopeptid nach Anspruch 8, wobei das Behandlungsverfahren zur Stimulierung der Kldung osteoblastischer 
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Oder ffcroWastischer Zellen. einer vermehrten KnochenbiWung bei osteopenisch pathologtschen Zustandea der 
Bruchheilung, der Wundheilung, von intraossaJen tmplarrtaten und der Knochensupplemerrtation, und anderer 
Zustande, die eine vermehrte Knochenbildung erfordern, dierrt 

s ia Verwendung eines Oligopeptids nach Anspruch 1, oder mit der Forme! (e) Tyr-Gry-PheOy-Gly, Oder (f) Gly-Phe- 
Gly-Gly, bei der Hersteltung eines Medikaments zur Stimulierung der BiWung osteobiastischer oderfibrobiastischer 
Zellen, einer vermehrten Knochenbitdung bei osteopenisch pathologischen Zustanden, der Bruchheilung, der 
WUndheilung, von intraossalen Implarrtaten und der Knochensupplementab'oa und anderer Zustande, die eine 
vermehrte Knochenbildung erfordern. cGent 

w 

Revendlcatlons j 

1 . Oligopeptide biochimiquement pur ayant une activity stimulatrice sur les cellules osteoblastiques et/ou f ibroWasti- 
ques, une masse moleculaire allant de 200 a 1000, et une formule choisie par mi (a) Tyr-Gly-Phe-His-Gly ; (b) Tyr- 

is Gly-Phe-Gly ; (c) Ac-Met-Tyr-Gy-Phe-Gly-Gly et (d) Gly-Phe^ry-Gry-NKfe. 

2. M6thode cfisolement (fun oligopeptide biochimiquement pur selon la revendication 1 , partie (a), ou pour risolement 
d'un oligopeptide biochimiquement pur ayant une activity stimulatrice sur les cellules osteoblastiques ou f broblas- 
tiques et ayant la formule (e) Tyr-Gty-Phe-Gly-Gly, a partir d'un echarrtillon bidogique, ce proc6d6 comprenant les 

20 6tapes consistant: 

(a) a eiiminer dudit echarrtillon biologique les peptides ayant une masse moleculaire inf6rieure a 3000, pour 
obtenir un milieu; 

(b) a incuber le milieu obtenu dans I'etape (a) avec un polypeptide qui se lie a une ou des proteines de liaison 
2$ au polypeptide de croissance osteog6nique et ne se lie pas & un anticorps dirige contre un polypeptide de 

croissance osteogenique en presence dlnhibiteurs de protease pour libber par competition ledrt polypeptide 
de croissance osteog6nique de son complexe avec lacfite ou lesdtes proteines de liaison au polypeptide de 
croissance osteogenique ; et 

(c) a s6parer le peptide de croissance osteogenique immunoreactif du milieu de reaction obtenu dans retape 
30 (b) par des m&hodes chromatographiquea 

3. Methode selon la revendication 2, dans laquelle, dans I'etape (a), les peptides ayant des masses moleculaires inf 6- 
rieures a 3000 sont eiimines par ultrafiltration avec un seuil de coupure de 3000MM. 

35 4. Methode selon la revendication 2 ou la revendication 3, dans laquelle lesd'rts inhibiteurs de protease sont l'E-64, la 
Leupeptine ou le PMSF ou des melanges de ceux-ci. 

5. Methode selon Tune quelconque des revencficatiorts 2 a 4, dans laquelle, dans I'etape (c), le peptide de croissance 
osteogenique immunoreactif est s6par6 par HPLC. 

40 

6. Composition pharmaceutique comprenant un oligopeptide selon la revendication 1 , ou ayant la formule (f) Gly-Phe- 
Gly-Gly ; et un v6hicule pharmaceutiquement acceptabla 

7. Methode de preparation cf une composition pharmaceutique comprenant la formulation d'un oligopeptide ou d'un 
45 oligopeptide modifie comma defini dans la revendication 6 avec un vehicule pharmaceutiquement acceptable. 

8. Oligopeptide selon la revendication 1, ou ayant la formule (f) Gly-Phe-Giy-Gly, destine a etre utilise dans une 
methode de traitement de I'organisme humain ou animal par chirurgie ou therapie ou en diagnostic. 

so 9. Oligopeptide selon la revendication 8, dans lequel la methode de traitement est destinee a la stimulation de la for- 
mation de cellules osteoblastiques ou fibrobiastiques, la formation osseuse activee dans des etats osteopertiques 
pathologiques, la reparation de fracture, la cicatrisation de plaie. les implants intraosseux et la supplementation 
osseuse, et d'autres etats necessitant une formation osseuse activee. 

55 10. Utilisation <fun oligopeptide selon la revencfication 1, ou ayant la formule (e) Tyr-dy-Phe-Gly-Gly ou (f) Gly-Phe- 
Gly-Gly dans la fabrication d'un medicament pour la stimulation de la formation de cellules osteobtastiques ou 
fibrobiastiques, la formation osseuse activee dans des etats osteopeniques pathologiques, la reparation de frac- 
ture, la cicatrisation de plaie, les implants intraosseux et la supplementation osseuse, et d'autres etats necessitant 
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une formation osseuse activ6a 
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Fig.l 
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Fig. 2. 



24 h POST-STARVATION 
MEDIUM 



ULTRAFILTRATION 
3000MWCUT-OF 



INCUBATION OF RETENTATE 
WITH 0CP-Cys5(NEM)NH2 TO 
COMPETE OUT irOGP FROM 
OGP-OGPBP COMPLEX 



ULTRAFILTRATION 
3000 MW CUT-OFF 



REVERSE PHASE HPLC 
OF FILTRATE ON C8 COLUMN 
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AMINO ACID SEQUENCING ASSAY EFFECT ON PROLIFERATION 
SEQUENCE IDENTITY WITH OGP OF MC3T3 E1 CELLS 
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